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1  BACKGROUND AND AIM 
Models play essential role in science, fulfilling a series of purposes, such as making 
abstract entities “visible” and providing a basis for the formulation of predictions. 
The construction and use of models plays a central role in the growth of scientific 
knowledge. Therefore it is not surprising that models are taken to be the core of 
physics teaching and that there are a lot of studies describing school students’ 
ideas of models. (e.g. [1], [2], [3]) Also teachers’ ideas about models and use of 
models in teaching has been investigated. The studies have revealed that both 
experienced teachers’ and teacher students’ knowledge about models is often 
limited (e.g. [4], [5], [6]). 
 Most of the studies conducted deal mainly with teachers’ or students’ 
qualitative ideas about models: the characteristics of a model, the use of models 
etc.  Although qualitative and descriptive models are used in physics, research in 
physics is mainly concentrating on the construction and use of mathematical 
models.  
 In this study we investigated students’ (future physics teachers) ideas about 
models and especially their capability in constructing a mathematical model in a 
novel situation. 

2  METHOD 
This is a qualitative explorative case study. The students (n = 6) engaged in the 
study were future physics teachers who were taking part in a physics laboratory 
course at the physics department. Half of the students had physics as their major 
subject and others mathematics. The students have studied physics about three 
years at the university. The physics courses in Jyväskylä university start with the 
textbook Young and Freedman "University physics" [7]. All students had at least 
this book as their physics background resource. Some students might have studied 
more advanced courses in mechanics, electro-dynamics, quantum mechanics etc.  
 During the course students were given the following problem [8]: 
“A cotton swab is put in the straw and another one in another straw. Then both 
straws are put in mouth so that in one of the straws the swab is near the mouth 
and the other one at the far end. Then you blow. Cotton swabs fly out from the 
straws and land on the floor. Construct a simple model that will describe the 
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 Besides these written documents we wanted to analyze students’ discussion 
during the experiments and therefore their work was videotaped.  The worksheets 
and videos were analysed qualitatively. 

4  RESULTS 
The analysis of the material showed that in the initial stage students searched for 
similarities with situations and cases they knew before they started studying the 
problem. They mentioned similar devices (principles) such as e.g., South-American 
indians shooting monkeys with a shooting pipe or they might remember doing 
similar things in their primary school age. They were thinking also about the 
typical physics problems dealing with the flight of a tennis ball. They used these 
models when they attempted to predict and explain the motion of the cotton 
swabs. After the first test students tried to find differences between their model 
and the real situation. 
 During the modelling process students used large variety of analogies and 
models to understand and develop their mathematical model. Students derived 
quite easily the mathematical expression (model) relating the ratio between the two 
ranges with the lengths that the swabs travel in the straws. 
 

 

1 

2 

Figure 3  Example of students’ model construction. 1: drawing helping modelling, 2: 
relational thinking. 

Even though both groups developed the expected model, there were some 
differences in students’ model construction. In both groups the students used 
mainly basic kinematical relations but in the other group students draw a picture 
to help their reasoning and they also used relational thinking (Figure 3). In this 
group the students did not rely on basic equations that can be found in the 
textbooks or given in the lectures. Since physics students are not very eager to 
write text, they use equations, video recording their discussions was very valuable 
way of finding out their ideas.  
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 We also compared students’ modelling process with the Giere model of 
scientific modelling [10]. Students did not follow the Giere model linearly. They 
might move to the next step and then back to the previous ones. The hypothesis 
making phase occurred two times: first with the qualitative model and then while 
constructing the quantitative model. 
 

 
Figure 4  Giere’s idea of modelling. 

5  CONCLUSIONS 
Our previous studies ([3], [6]) show that students are not familiar with the 

physics. Explicit requirement for model construction as 

“How far would 
e s

DIX 
Students’ worksheet 

Modelling the flight distance of a cotton swab 

Names of the studen
quipment: 2 cotton swabs, 2 straws, tape measure 

modelling idea of 
presented here could be one way to teach students the idea models in science. 
Perhaps by experimentation physics students learn the idea of modelling more 
effectively and have more positive idea for modelling than if the modelling idea is 
taught only through general lectures of the philosophy of science. 
 The problem studied in this article would be in a different form a standard 
physics problem. The typical formulation might be e.g. as follows: 
th wab fly if its initial horizontal velocity is x m/s?” Students should be taught in 
a way to construct a model and test it, rather than to solve a problem. This kind of 
teaching might result in benefit for students’ learning and also develop their ideas 
of models in physics. We should also remember that learning about a model 
happens at two places, during the construction and during the manipulation of the 
model. 

APPEN
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A.1  Aim 
The aim of the experiment is to formulate a model for the flight distance of a cotton 

 to make the model as simple as possible. This means that you should 

.2  The experiment 
 straws so that one is near the mouth and the other one 

 prediction (before really doing the experiment) which one 

swab. Try
leave out of your model all effects that make the model complicated.  
 
Read first the instructions. 

A
Put the cotton swabs in the
at the far end. Make a
will fly longer when you put both straws in your mouth and you blow. 
 

 
Figure 5  Experimental set up. In straw 1 the swab is near the mouth and in straw 2 the swab 

is in the far end. 

distance of the swabs. Measure als ab moves inside the straw. 

xperiment # Distance , straw 1  Distance , straw 2  

Put now the straws horizontally in your mouth and blow. Measure the flight 
o how long the sw

 

Table 1 

E
1   
2   
…..   
 
In th

e p
e lines [taken away in th  appendix after every ques you can write down 
arameters/values which you think are important to measure. 

is tion] 
th

1. What do you perceive in the flight of the swabs? 
2. Which things are important in this experiment? Which are not so 

important? 
3. What physical laws can be applied in describing the flight of the swab be 

described? 
4. Derive a mathematical formula which describes the ratio of flight distances 

as a function of the position of the swab in the straw. 
5. Compare the theoretical ratio of distances and the ratio of distances you 

measured. 
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6. How would you need to improve your model to make the predictions 
more accurate? What additional effects/phenomena would you need to 
consider. 

7. How reliable do you think your model is? 
8. In general, what do you think a model is and what qualifies a good model? 

 
Thank you! 
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